Abstract
Introduction

45
Surfaces of marine animals were found to be a unique habitat for colonization by 46 microorganisms, and the microbial communities associated with living surfaces showed a 47 pronounced variety [1] . Till recently, studies focused on the colonization of benthic organisms 48 such as sponges [2-6], bryozoans [7] , and cnidarians, within which are included mainly corals 49 [8] [9] [10] [11] [12] [13] . Recent studies of bacteria colonizing crustacean surfaces in the marine pelagic 50 environment, showed considerable dissimilarities with bacterial communities in the 51 surrounding seawater [14] [15] [16] . Recently, associated bacteria were reported for gelatinous 52 plankton such as appendicularians [17] , ctenophores [18] [19] [20] [21] , and also cnidarian jellyfish 53 [18, [22] [23] [24] [25] [26] [27] [28] . Moreover, several studies investigated the role of microbes during jellyfish 54 blooms, and demonstrated high bacterial growth, changes in bacterial community structure in 55 the surroundings of live or decaying jellyfish, and subsequently consequences in altering 56 trophic interactions with higher trophic levels and implications for the carbon, nitrogen, and 57 phosphorus cycles [29] [30] [31] [32] [33] [34] [35] [36] [37] . 58 59 However, very few studies focused on microbial associations with scyphozoan jellyfish 60 during their life span. Studies show a presence of endobiotic bacteria in jellyfish tentacles [28] 61 and suggest that jellyfish could be vectors of bacterial pathogens and implicated in infections 62 of farmed salmons [24, 25] . Cleary et al. [22] presented data on the bacterial community 63 composition associated with scyphozoan Mastigias cf. papua etpisoni and box jellyfish 64
Tripedalia cf. cystophora, while Weiland-Bräuer et al. [27] and Daley et al. [18] 
focused on 65
Aurelia aurita s.l. bacterial associates. These studies showed a diverse and specific associated 66 bacterial community, which in composition differs among different marine 67 in some coastal areas around the world [48, 53] , causing numerous socio-economic and 118 ecological problems [54, 55] . It has been hypothesized that jellyfish benefit from human-119 caused changes in environment such as climate change, overfishing, eutrophication, habitat 120 modification, and species introductions [56] [57] [58] [59] . 121
122
This study is the first to investigate the associations of bacteria with live moon jellyfish in the 123
Gulf of Trieste (northern Adriatic Sea) using both culture-independent and culture-based 124 methods. Our hypotheses were the following: (i) the bacterial community associated with 125 medusa is specific and significantly different from the ambient bacterial population in the 126 environment; (ii) the bacterial community composition of different body parts of medusa, i.e. 127 exumbrella surface, oral arms, and of gastral cavity vary; and (iii) medusa-associated bacterial 128 community structure at the time of jellyfish population peak and during senescent phase at the 129 end of bloom, when jellyfish start to decay, differ. 130 131 132
Materials and Methods
134
Sampling site and sampling 135 136
The Gulf of Trieste is the northernmost part of the Adriatic Sea. It is characterized by a 137 shallow water column, with salinity and temperature variations, and strong seasonal 138 stratification in late summer [60] . In such an environment, Aurelia populations show clear 139 seasonality with late-autumn-early winter recruitment of ephyrae from attached polyps, spring 140 medusa growth, and their decay at high early summer temperatures [59] . 141 142 ice-cold ethanol and dried in a speed vac. The precipitated DNA was re-suspended in 0.22 µm 217 pre-filtered, autoclaved 1X TE buffer, and kept at -20°C. 218
219
Seawater's total bacterial community DNA extraction 220
Seawater samples were filtered onto 0.2 µm polyethersulfone membrane filters (47 mm 221 diameter, PALL Inc.), which were stored at -80°C. DNA was extracted from the filters (one 222 quarter per sample) as described in Böstrom et al. [63] , with slight modifications. DNA was 223 precipitated at -20°C for 1 h, with 0.1 volume of sodium acetate (3 M NaAc, pH= 5.2) and 224 0.6 volume of isopropanol. The pellet was washed with 70% ice-cold ethanol and dried in a 225 speed vac. Precipitated DNA was re-suspended in 0.22 µm, pre-filtered, autoclaved TE 226 buffer, and kept at -20°C. 227
228
Denaturing Gradient Gel Electrophoresis 229
For DGGE analysis of jellyfish-associated and seawater's total bacterial community, the 230 bacterial 16S rRNA genes were amplified using a universal primer set, 341F with a 40 bp GC-231 clamp and 907R as described before [64, 65] . The PCR reaction mix with a final volume 50 µl 232 contained 2 µl of extracted DNA (50-100 ng), 1x reaction buffer (Tris KCl-MgCl 2, 233 Fermentas), 1.5 mM MgCl 2 (Fermentas), 0.2 mM dNTP (Fermentas), 0.5 µM of each primer 234 (Sigma), 0.38 µg/ml BSA (Fermentas), and Taq polymerase (5 U/µl, Fermentas). The PCR 235 touchdown protocol according to Don et al. [66] was used: with initial denaturation at 94°C 236 for 5 min., followed by 10 touchdown cycles and 20 standard cycles: denaturation for 1 min. 237 at 94°C, primer annealing for 1 min. at 55°C, and primer extension for 3 min. at 72°C. The 238 last cycle was followed by 2 min. incubation at primer extension temperature of 72°C. 239 240 When we were unable to obtain a sufficient quantity of PCR products from jellyfish samples, 241
we used a two-step nested PCR-DGGE strategy [67] , modified to analyze the marine 242 bacterial community. Bacterial 16S rRNA genes were first amplified with universal primer 243 set, 27F and 1492R. The PCR reaction mix, with a final volume 50 µl, contained 2 µl of 244 extracted DNA (50-100 ng), and was prepared the same as described above in this section. 245
The PCR temperature cycling conditions were as follows: initial denaturation for 2 min. at 246 94°C, followed by 25 standard cycles: denaturation at 94°C for 1 min., primer annealing for 1 247 min. at 50°C, and primer extension at 72°C for 1 min. The last cycle was followed by 5 min. 248 incubation at the primer extension temperature of 72°C. Second, nested amplification was 249 performed using a DGGE primer set, PCR mixture, and a touchdown annealing protocol, as 250 described above in this section. The quality and size of PCR products were tested by agarose 251 gel electrophoresis. PCR products were analyzed by DGGE electrophoresis, as previously 252 described in [33] . 253 Distinct bands were excised from the gel and placed in 100 µl of sterile Sigma water 254 overnight to elute DNA. The eluted DNA was re-amplified using primer set 341F and 907R 255 and the same reaction mix (a final volume 50 µl) with 2 µl of eluted DNA, as described above 256 in the first paragraph in this section. The cycling protocol used was the same as to amplify the 257 DNA of bacterial isolates (see section on Bacterial isolates DNA extraction and PCR). The 258 bacterial 16S rRNA genes were partially sequenced with 341F primer at Macrogen Inc. 259
260
Bacterial 16S rRNA gene clone libraries 261
For jellyfish and seawater samples clone libraries construction, bacterial 16S rRNA gens were 262 amplified using the same DNA as for DGGE and universal primer set, 27F and 1492R, as 263 described before [33] . The PCR reaction mix with a final volume 50 µl contained 2 µl of 264 extracted DNA (50-100 ng), and was prepared as described above (see section on DGGE, first 265 paragraph). For samples with low DNA concentration (extracted from jellyfish samples), a 266 nested PCR-libraries approach was used [68] , and modified to analyze marine bacterial 267 community. Again, bacterial 16S rRNA gene was first amplified with a universal primer set, 268 27F and 1492R using same protocol and reaction mix as in the first amplification step of the 269 nested PCR-DGGE strategy (see the section on DGGE, second paragraph). Second, nested 270 amplification was performed using primers 341F and 907R. The PCR reaction mixture and 271 cycling protocol were the same as used for clone library construction (described above in this 272 section [33] presented in Supporting Information (S1 Table, S2 Table) . The contribution of distinct 295 bacterial genus or families was expressed as a percentage of the total number of sequences in 296 each sample or library (relative abundance) (S1 Table, Non-metric multi-dimensional scaling (nMDS) plots were used to determine the similarities 320 between DGGE banding patterns. For this purpose, a similarity matrix was calculated (using 321 Jaccard resemblance measure) based on the presence/absence matrix of align bands. Analysis 322 of similarity (ANOSIM) was used to verify the significance of similarity among bacterial 323 communities, as indicated by nMDS, by testing the hypothesis that bacterial communities 324 from the same cluster are more similar to each other than to communities in different clusters. 
Results
353
The composition of the bacterial community associated with scyphomedusae Aurelia, which 354 frequently blooms in the Northern Adriatic, was studied and compared with the community 355 composition from the surrounding seawater, in order to understand if the jellyfish-associated 356 community is specific and significantly distinct from the ambient seawater bacterial 357 assemblage. The composition of bacterial community associated with different jellyfish 358 compartments (exumbrella surface, oral arms, and in the gastral cavity) was analysed to 359 examine the compartment-specificity of associated bacterial consortia. In addition, we 360 compared the composition of the bacterial community associated with jellyfish collected 361 during two different time points of bloom development/progression: (i) at the peak of 362 population, and (ii) at the end of the blooming period/at the decay of the bloom. The bacterial 363 community composition/structure was determined using both culture-independent and 364 culture-dependent techniques. 365
Comparison of jellyfish-associated and ambient seawater bacterial community 367 composition 368
369
The phylogenetic analyses of the bacterial 16S rRNA gene clone libraries revealed significant 370 difference between jellyfish-associated and ambient seawater bacterial communities 371 (ANOSIM, global R= 0.777, p< 0.01) (Fig 1A) . The bacterial communities associated with 372
Aurelia showed the dominance of bacterial phyla Proteobacteria, which consisted of 373 Alphaproteobacteria (up to 75%), Gammaproteobacteria (up to 45.5%), and 374
Betaproteobacteria (up to 53.5%), with different relative contributions in the individual 375 jellyfish sample (Fig 1B) . At the family level, Alphaproteobacteria were dominated by 376
Rhodobacteraceae (mostly Phaeobacter, Ruegeria)) and Betaproteobacteria by 377 Table) . Within Gammaproteobacteria, mostly 378
Vibrionaceae (Vibrio), Pseudoalteromonadaceae (Pseudoalteromonas), Xanthomonadaceae 379 (Stenotrophomonas), and Pseudomonadaceae (Pseudomonas) (Fig 1B, S1 Table) were 380 detected. 381 Table) . Alphaproteobacteria (up to 38.6%) 400
were dominated by Rhodobacteraceae and SAR11, Gammaproteobacteria (up to 21.4%) by 401
Litoricolaceae and SAR86; Flavobacteria (up to 17.4%) by Flavobacteriaceae and 402
Cryomorphaceae, and Cyanobacteria (up to 15.4%) by Synechococcus. We also detected 403 Actinobacteria (10.3% in May) with the representative from the Microbacteriaceae family. 404 Table) . According to SIMPER analysis Synechococcus, SAR11 and 405
Flavobacteriaceae contributed the most to difference between jellyfish-associated and water 406 column bacterial community (S3 Table) . 407
408
The bacterial community composition associated with different body parts of jellyfish 409
410
The results of 16S rRNA gene clone libraries analysis pointed on the statistically significant 411 differences between bacterial communities associated with different body parts of jellyfish 412 (exumbrella surface, oral arms, and gastral cavity) (ANOSIM, global R= 0.571, p< 0.05) (Fig  413   1A) . The bacterial communities' composition associated with different body parts of jellyfish 414 sampled at the peak of population, were as follows. The bacterial communities associated 415 with jellyfish exumbrella were dominated by Alphaproteobacteria (up to 75%), followed by 416 Gammaproteobacteria (up to 22.2%) and Betaproteobacteria (up to 12.5%) (Fig 1B) . Betaproteobacteria exclusively Comamonadaceae were detected. (Fig 1B, S1 Table) . The 422 bacterial community of jellyfish oral arms was more diverse than the bacterial community 423 associated with exumbrella and gastral cavity (S5 Table) . The bacterial community associated 424 with oral arms consisted of Alphaproteobacteria (50%, exclusively Rhodobacteriaceae) and a 425 higher percentage of Gammaproteobacteria (31.3%) composed mainly of Vibrionaceae 426 (Vibrio), but also Pseudoalteromonadaceae, Moraxellaceae, and Pseudomonadaceae. 427
Betaproteobacteria were detected (12.5%, only Burkholderiaceae), and also a small 428 percentage of Actinobacteria (6.3%) (Fig 1B, S1 Table) . In contrast, the bacterial community 429 in the gastral cavity, was dominated by Betaproteobacteria (53.5%), followed by 430 Gammaproteobacteria (27.9%) and Actinobacteria (11.6%, dominated by Micrococcaceae). 431
At the family level, Burkholderiaceae (Burkholderia) and Alcaligenaceae dominated the 432 Betaproteobacteria class. The gammaproteobacterial population was almost exclusively 433 Pseudomonadaceae (Pseudomonas) (Fig 1B, S1 Table) . 434
The bacterial community structure of different jellyfish body parts was also studied using 435 denaturing gradient gel electrophoresis (DGGE). Bacterial community fingerprints varied, 436 both within and between sample types (exumbrella, oral arms, and gastral cavity). Despite the 437 observed heterogeneity (S1 Fig), Table) . 446 Our results show the difference between the bacterial communities associated with jellyfish 455 collected during the peak of the jellyfish bloom and one month later, at the jellyfish 456 population senescence (Fig 1) . Changes in bacterial communities, due to jellyfish population 457 senescence were evident as the shift towards Gammaproteobacteria, mostly at the expense of 458
Betaproteobacteria, and to a lesser extent at the expense of Alphaproteobacteria, whose 459 dominance became less pronounced. In addition, diversity was lower in the bacterial 460 community associated with senescent jellyfish S5 Burkholderiaceae). The shift in bacterial community structure was supported by SIMPER 472
analysis showing that Rhodobacteriaceae and Comamonadaceae were more frequent in the 473 bacterial community associated with jellyfish at the peak of the bloom, and 474
Rhodobacteriaceae, Vibrionaceae, and Alteromonadaceae in the bacterial community 475 associated with senescent jellyfish (S8 Table) . Betaproteobacteria), Actinobacteria, and Firmicutes (Bacilli) (exhibiting ≥ 97% identity to 488 previously described bacterial species). Analysis of bacterial isolates again showed significant 489 differences between seawater and jellyfish-associated communities (ANOSIM, global 490 R=0.393, p< 0.05) (Fig 3) , with seawater communities being more diverse (Fig 4, S6 Table) . 491
Gammaproteobacteria (mostly Vibrio and Pseudoalteromonas) dominated the exumbrella 492 surface-associated community (up to 100%) and the community of gastral cavity (> 60%
and Brevundimonas (Caulobacteraceae)), followed by 496
Gammaproteobacteria (32%, mostly Halomonas (Halomonadaceae), Idiomarina 497 (Idiomarinaceae)) and Actinobacteria (25%, Brevibacterium (Brevibacteriaceae)) which 498 were more abundant in June (Fig 4, S2 Table) . According to SIMPER analysis, 499
Erythrobacter, Brevibacterium, and Brevundimonas contributed the most to the difference 500 between jellyfish-associated and water communities (S4 Table) . Differences between culturable bacterial communities of different body parts were small. 522
Bacterial communities associated with jellyfish exumbrella at the time of population peak 523 were dominated by Gammaproteobacteria (from 44.4% up to 100%), while 524
Alphaproteobacteria and Actinobacteria represented up to 22.2% of the community (Fig 4A) . 525
Small percentages of isolates belonged to Betaproteobacteria (11%, exclusively Delftia 526
Comamonadaceae) Bacilli (9%; mostly Exiguobacterium) and Bacteriodetes (12.5%). 527
Considering the main representatives within Gammaproteobacteria, Vibrio (Vibrionaceae), 528
Pseudoalteromonas (Pseudoalteromonadaceae), and Stenotrophomonas (Xanthomonadaceae) 529 dominated , but also Pseudomonas (Pseudomonadaceae), Alteromonas (Alteromonadaceae), 530
and Psyhrobacter (Moraxellaceae) were detected. Representatives of Alphaproteobacteria 531 were mostly Labrenzia and Phaeobacter (Rhodobacteraceace), and representatives of 532 Actinobacteia mostly Kocuria (Micrococcaceae) and Microbacterium (Microbacteriaceae) 533 (Fig 4A, S2 Table) . The composition of bacterial communities in jellyfish gastral cavity was 534 similarly dominated by Gammaproteobacteria (> 60%), followed by Alphaproteobacteria (up 535 to 40%) and Betaproteobacteria and Bacilli (both 10%). The population of 536
Gammaproteobacteria was dominated by Pseudoalteromonas followed by Pseudomonas, 537
Vibrio, and Stenotrophomonas (Fig 4A, S2 Table) . 538 539 Changes in culturable bacterial community composition, presumably related to jellyfish 540 population decay, at the end of blooming period were significant (ANOSIM, global R= 0.362, 541 p< 0.05). Changes were evident as there was even more pronounced dominance of 542 Gammaproteobacteria (from 66.7% up to 100%) in communities associated to jellyfish 543 exumbralla and of gastral cavity (Fig 4B) . Within the Gammaproteobacterial population, 544 predominant community members Pseudoalteromonas, Stenotrophomonas, and Pseudomonas 545 almost or completely 'disappeared', and Vibrio became highly dominant or even formed a 546 monoculture representative (Fig 4B, S2 Table) . The change in community structure towards 547
Vibrio was also confirmed by SIMPER analysis (S9 Table) . Consequently, the prevalence of 548
Vibrio also resulted in lower diversity (S6 Table) . 549 550 Discussion 551
Aurelia associated bacterial community 552
Comparison of jellyfish-associated and ambient seawater bacterial community composition 553
Our results on bacterial community composition, assessed by culture-dependent and cultural-554 independent approaches, demonstrated significant differences between bacterial community 555 associated with Aurelia and the ambient seawater bacterial assemblage. Phylogenetic analysis 556 showed a wide diversity of bacterial community associated with jellyfish, including members 557 of Proteobacteria (Alpha-, Gamma-, and Beta-proteobacteria), which dominated the 558 community, and members of Actinobacteria and Cyanobacteria. Ambient seawater bacterial 559 communities were more diverse, and dominated by three bacterial phyla: Proteobacteria, 560
Flavobacteria, and Cyanobacteria. Also, within Proteobacterial groups associated with 561 jellyfish and the one detected within ambient seawater assemblage, had different taxonomic 562 affiliations, and the dominance or exclusivity of only one taxon was hardly present. 563
Similar observations of the jellyfish-specific bacterial community, distinct from the 564 community in ambient seawater, were reported previously for A. aurita [18, 27] and also other 565 marine animals [45] . Since associated bacterial assemblages differed from the ambient 566 seawater bacterial community, and from bacteria associated with other types of 567 substrates/surfaces found in the water column, it was suggested that associations with animals 568 might be specific to some degree [45] . According to Taylor et al. [73] sponge bacterial 569 associates could be separated/split into three groups: (i) bacterial specialists -found on only 570 one host species; (ii) host associates -found on multiple hosts; and (iii) generalists -found on 571 multiple hosts and within the seawater community. In our study most bacteria associated with 572
Aurelia were not detected in the ambient seawater, however, they were closely related to 573 bacteria previously found in association with other host animals (exhibiting at least 97% 574 similarity), indicating that this relationship is not host-specific. Previous studies on A. aurita We found another interesting result, which is the consistently unsuccessful amplification of 585 bacterial 16S rRNA genes from jellyfish samples, unless an additional nested PCR reaction 586 was performed. Problems with DNA amplification were reported before in the analyses of the 587 tissue of healthy corals, and were attributed to the low abundance of bacterial associates [74] , 588 confirming previous observation of rare isolated bacterial cells within coral tissue by in situ 589 hybridization [75] . This indicates that unsuccessful DNA amplification in our study also could 590 be the consequence of the overall low bacterial number on jellyfish exumbrella, the oral arm 591 surface, and in the gastral cavity. The speculations on the low number of Aurelia jellyfish-592 associated bacteria, was also confirmed by scanning electron microscopy of the adult medusa 593 umbrella surface in our parallel study (data not shown). Our results show that the surface was 594 covered with mucus, and we observed mucus secretions in the form of flocs on all external 595 surfaces, but with no bacteria observed. Unlike the epidermal umbrella surface, the 596 examination of mucus secreted from exumbrella surface, revealed the presence of 597 considerable amounts of bacteria (data not shown). Using the same microscopic method, 598
Johnston and Rohwer [76] similarly found that external cell layers of coral are invariably 599 clean of adhering microbes. They did, however, suggest the possibility of a dynamic 600 community hovering in the boundary layers above the coral epidermis. So, the possibility that 601 the majority of bacteria dwell in mucus produced by medusa rather than being present within 602 the mesoglea or attached to epidermis is also in agreement with observations by Weiland-603
Bräuer et al. [27] , detecting the majority of bacteria located on the outer surface of coating 604 mucus, covering A. aurita polips. This could also support our results of bacterial colonies 605 grown after imprints of jellyfish surfaces on agar plates, where it was estimated CFU less than 606 two bacterial colonies/cm 2 of jellyfish surface in May and June. The presence of rare bacterial 607 cells could be due to the fact that adult medusa has evolved mechanisms of defense against 608 epibiotic organisms. One type of mechanism could be the production of antibacterial peptide 609 aurelin, extracted from mesoglea of A. aurita [42] . Based on that, we can speculate that A. 610 aurita is a 'hostile' environment for bacteria. It is also known that jellyfish surfaces, including 611
A. aurita, are covered by a constantly renewing mucus layer, which was found to have 612 implications in surface cleaning and defense against predators [39] [40] [41] . Similarly as Garren 613 and Azam [77] demonstrated for corals, surface cleaning by mucus production could be used 614 by jellyfish to regulate an abundance of bacterial associates. Even more so, during certain 615 conditions, including stress, the mucus production is more pronounced [41] . In our study, 616 extensive mucus release (from surface and gastral cavity) was detected during the processing 617 of jellyfish, possibly leading to bacterial loss and low bacterial numbers of jellyfish associates 618 in our samples. 619
Despite being rare, the total and the culturable part of the bacterial community associated with 620
Aurelia jellyfish from the Gulf of Trieste was found to be diverse. It was composed mostly of: 621 Bacterial community composition differed significantly between different Aurelia medusa 646 body parts, especially the one within the gastral cavity. The communities of exumbrella and 647 oral arms shared dominant bacterial groups, Alphaproteobacteria followed by 648
Gammaproteobacteria, while the community in the gastral cavity was dominated by 649
Betaproteobacteria, followed by Gammaproteobactera and Actinobacteria. Within 650
Alphaproteobacteria, bacterial communities of the exumbrella surface and oral arms were 651 affiliated with Phaeobacter, Ruegeria, and within Gammaproteobacteria with 652
Stenotrophomonas, Alteromonas, Pseudoalteromonas, and Vibrio. In the gastral cavity were 653 members of Betaproteobacteria affiliated with Burkholderia, Cupriavidus, and 654
Achromobacter. Members of Gammaproteobacteria affiliated mostly with Pseudomonas, and 655 members of Actinobacteria with Kocuria. 656
In contrast to the total bacterial community, bacteria isolated from jellyfish (from both the 657 exumbrella surface and gastral cavity) were mostly affiliated with Gammaproteobacteria, 658 within the most relevant members affiliated with Vibrio, Stenotrophomonas, and 659
Pseudoalteromonas. The observed dominance of different bacterial classes within the total 660 bacterial community and cultured bacterial community in our study is not that surprising, 661 since both culturing and molecular-based methods are biased towards certain microbial 662 groups. Similar observations, were reported previously by Rohwer hydrocarbon-degrading bacteria cell densities doubled, which resulted in a significant increase 766 in oil degradation [115] . Some of toxic particles, entrapped within mucus and covered with 767 degrading bacteria, could be also transferred by ciliary currents and boundary layer flow to a 768 marginal umbrella groove, and then to gastral cavity, since this is one type of prey capture 769 recognized for A. aurita [114] , which could explain high abundances of hydrocarbon and 770 plastic degrading bacteria found in the gut of Aurelia jellyfish within our study. Even more so, 771 since toxic compounds are utilized by associated bacteria, less are accumulated within 772 jellyfish tissue and are not transferred to higher trophic levels. 773
774
Bacterial community structure shifts due to jellyfish Aurelia population collapse 775
The shift in bacterial community composition within a one-month period (from May to June) 776 was observed. It resulted in a higher abundance of Gammaproteobacteria, especially Vibrio, 777 which became a dominant member of community. This shift towards Vibrio was even more 778 evident in cultural bacterial community. 779
The major difference between both studied months was a rise in the temperature and the 780 viability state of Aurelia jellyfish in the Gulf of Trieste. In June was the end of blooming 781 period and jellyfish were in the phase of dying, which was evident as typical signs of 782 moribund jellyfish: degenerated tentacles, oral structures, and gonads, reduced swimming 783 ability and necrosis of the epithelial bell tissue [118] . The process is normally triggered by 784 environmental stress like change in temperature or salinity, food availability, parasitism, and 785 spawning or even more likely, interacting stressors [118] . Nevertheless, in summer, the 786 greater part of the Aurelia jellyfish population was found to be parasitized, along with altered 787 morphology, growth, and swimming pattern in the Big Lake (Mljet Island, Croatia) [119] . 788
This could indicate that jellyfish defense mechanism was probably disturbed due to 789 environmental stress (higher temperature), which resulted in parasitism and mortality. 790
The senescing process in jellyfish indirectly affects interaction between jellyfish (host) and 791 bacterial associates, which leads to a shift in the associated microbial community. Further investigation of such a relationship is necessary to understand the relevance of the 828 associated bacteria for the host during its life spam and during/after the bloom period, 829 especially in areas experiencing seasonal blooms, influencing food webs, and biogeochemical 830 cycles in those regions. Even more so, despite the small number of experimental data, our 831 results suggest that the jellyfish -bacteria link could be applied as an effective pollution-832 control method in marine environments affected by crude oil and micro plastic. Finally, we 833 would also like to emphasize the importance of culturing organisms. Although the method is 834 biased towards certain bacterial groups, it remains important to obtain complete genome 835 sequences, to identify properties of organisms, and to help understand the biology and 836 ecology of microbial species. 837
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